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Methods and Results The relation between endogenous hormone levels and premature (<56-year-old patients) myocardial infarction was assessed in a retrospective study involving 49 male survivors of premature myocardial infarction and 49 age-matched, volunteer male controls. Serum samples were obtained for each subject the morning after a 212-hour fast and frozen at -70°C for subsequent hormonal analysis. Among the male patients, the average duration between the most recent myocardial infarction and blood sampling was 3.4 years (range, 0.7 to 19.2 years). Individuals reporting the use of any medications with the potential to alter lipid, lipoprotein, or hormone levels were excluded from these analyses. Dehydroepiandrosterone sulfate levels were significantly lower in the patients than in the control subjects. This association Several studies indicate that endogenous hormones play a role in the etiology of coronary arterỹ L- disease, either as independent risk factors or indirectly, via an effect on lipids, lipoproteins, or other heart disease risk factors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In general, these studies suggest that coronary artery disease is inversely related to serum androgen levels and positively related to serum estrogen levels. The existence of a causal relation between either estradiol or testosterone and coronary artery disease has not been supported by prospective investigations.17-20 A statistically significant, inverse relation between serum dehydroepiandrosterone sulfate (DHEAS) and coronary artery disease in males has, however, been documented in at least one prospective investigation .12 This retrospective, matched case-control study investigates the association between endogenous hormones, including DHEAS, and premature myocardial infarction in males. This study is unique in that the effects of a large number of heart disease risk factors, which may remained statistically significant even after accounting for the effects of total cholesterol, triglycerides, the ratio of total to high-density lipoprotein (HDL) cholesterol, HDL, apolipoprotein A-I, apolipoprotein A-II, apolipoprotein B, and body mass index. There were no significant differences in the levels of estradiol, testosterone, or free testosterone or the ratio of estradiol to testosterone between patients and control subjects.
Conclusions Our conclusions are limited by the retrospective nature of this study. However, these data indicate that serum dehydroepiandrosterone sulfate levels are inversely related to premature myocardial infarction in males and that this association is independent of the effects of several known risk factors for premature myocardial infarction. 
Methods
The Cincinnati Myocardial Infarction and Hormone (CIMIH) family study was designed to investigate the role of endogenous hormones in the etiology of myocardial infarction. Details of the study design and ascertainment of case and control families are described elsewhere. 21 Briefly, case families were ascertained through living Caucasian males who had survived at least one myocardial infarction before the age of 56 years. These families were identified through private cardiologists, media advertisements, and fathers of adolescent boys who had recently participated in a study of male maturation.22
Study eligibility was restricted to male survivors of myocardial infarction with a spouse and at least one biological child willing to participate in the study protocol.
Control families were also ascertained through media advertisements, a local blood center, area food stores, and the records of the previously mentioned maturation study. 
years).
Blood was collected into EDTA (0.1%) and sterile tubes for analysis of lipids and lipoproteins and of endogenous hormones, respectively. All samples were refrigerated and centrifuged (for 20 minutes at 2500 rpm and 4°C) within 1 hour of collection. Serum for the endogenous hormone assays was stored at -70°C. During the spring of 1991, these samples were assayed in consecutive batches, which were random with respect to case-control status. Lipid and lipoprotein analyses were performed in a clinical laboratory within 2 hours of blood collections. The technicians performing these assays were blind to the case-control status of the samples.
Serum testosterone was measured by double antibody radioimmunoassay (RIA) after extraction using a 3:2 solution of ethylacetate:hexane. The sensitivity of the testosterone assay is 2 ng/mL, and the intra-assay and interassay coefficients of variation (CV) are 5% and 9.3%, respectively. Free (ie, unbound or biologically available) testosterone levels were calculated23 from serum levels of testosterone and testosterone-estrogen-binding globulin (TEBG), the primary carrier of testosterone in serum. TEBG was measured by the charcoal absorption method.23
Serum DHEAS and serum estradiol-1718 were measured by double antibody RIAs without prior extraction. The sensitivity of the DHEAS assay is 15 ng/mL, and the intra-assay and interassay CVs are 5.2% and 10.5%, respectively. The sensitivity of the estradiol assay is 5 pg/mL, and the intra-assay and interassay CVs are 8.3% and 13%, respectively.
Total plasma cholesterol, high-density lipoprotein (HDL) cholesterol, and triglyceride concentrations were measured enzymatically using a Hitachi 705 analyzer (BMD, Indianap- olis, Ind) after precipitation with heparin-manganese. These assays were standardized in accord with the LRC-Core Laboratory manual24 using serum calibrators obtained from the Centers for Disease Control (Atlanta, Ga).
Plasma concentrations of apolipoprotein (apo) A-I, apo A-II, and apo B were determined by an ELISA system.25 The interassay CVs for apo A-I, apo A-II, and apo B, at average plasma concentrations, are 5%, 7%, and 7%, respectively. Additional details regarding the determination of hormone and lipid concentrations can be found in the report by Sprecher et al. 21 The males through whom case families were ascertained and the fathers in the control families form the study population for these analyses and are referred to as case and control probands, respectively. Ten of the randomly ascertained families did not contain information on the father and therefore were excluded from these analyses. This resulted in a total sample consisting of 242 control probands, two of whom had a history of myocardial infarction, and 126 case probands.
Probands were excluded from these analyses if they were diabetic, had not fasted for at least 12 hours before blood collection, or reported the use of any medication(s) that might affect endogenous hormone, lipid, or lipoprotein levels. Probands were also excluded if they had missing information for any of the study variables. The two control probands with a history of myocardial infarction were both excluded on the basis of one or more of the criteria described above. In total, 35 control probands (14.5%) and 59 case probands (46.8%) were excluded on the basis of these criteria (Table 1) .
After the above exclusions were made, the mean age of case males (51.02 years) was significantly greater than the mean age of controls (43.4 years, P=.0001 by Wilcoxon rank-sum test). Because of the difference in the age distributions of cases and controls and the association between age and both myocardial infarction and endogenous hormone levels, each case was age matched to a single control. Cases were matched to the control with the closest age (to a 10th of a year at the time of blood sampling). If more than one control met this criterion, the control whose blood was drawn closest to that of the case was selected. A suitable control was not available for 18 of the cases. Thus, only 49 matched pairs were available for analysis.
The associations between premature myocardial infarction and five endogenous hormone measures-DHEAS, testosterone, free testosterone, estradiol, and the ratio of estradiol to testosterone -were evaluated. The odds ratio was used as the measure of association between case-control status and each of the endogenous hormone measurements. The odds ratio associated with a particular variable was obtained by conditional logistic regression analysis, where the predictor (or explanatory) variable is the difference between the corre- Multivariate analyses, also using conditional logistic regression, were used to estimate the odds ratio associated with a particular hormone while controlling for the effects of other myocardial infarction risk factors. The other risk factors that were considered are body mass index, total cholesterol, triglycerides, the ratio of total cholesterol to HDL (TC/HDL), HDL, apo A-I, apo A-II, and apo B. Stepwise, conditional logistic regression was used to select from a group of variables those variables that are independently related to premature myocardial infarction. Variables were entered and retained in a model only if they were significantly related to case-control status (ie, P<.05), given the other variables in the model.
Results
The cases used in these analyses had suffered between one and five myocardial infarctions (mean, 1.4 The unadjusted, or crude, odds ratio for the association between myocardial infarction and each of the endogenous hormone measures is provided in Table 3 . The association between testosterone and premature myocardial infarction is of borderline significance (P=.05). DHEAS is, however, the only endogenous hormone that is significantly related to case-control Table 3 also provides the odds ratio for the association between myocardial infarction and each endogenous hormone measure after adjusting for the effects of eight additional risk factors: cholesterol, triglycerides, TC/HDL, HDL, apo A-I, apo A-II, apo B, and body mass index. Adjusting for the effects of these eight variables does not significantly influence the odds ratio associated with any of the endogenous hormone measures. DHEAS remains a significant predictor of casecontrol status after adjusting for the effects of these eight risk factors. However, the association between testosterone and case-control status is no longer even of borderline significance (P=.18) after adjusting for these factors, and the associations between case-control status and free testosterone, estradiol, and the ratio of estradiol to testosterone remain nonsignificant (ie, the associated 95% confidence intervals include unity).
Using stepwise, conditional logistic regression analysis, DHEAS and apo A-I were identified as the only two study variables that are significantly and independently related to a history of premature myocardial infarction. After adjusting for the effects of apo A-I, the odds ratio for the association between premature myocardial infarction and DHEAS is 0.91 (95% confidence interval, 0.84-0.99). The odds ratio for the association between premature myocardial infarction and apo A-I is 0.96 (95% confidence interval, 0.94-0.99), after adjusting for the effects of DHEAS.
Discussion
In this retrospective, matched case-control study, premature myocardial infarction is significantly and inversely related to serum levels of DHEAS. Moreover, this association is independent of several traditionally recognized myocardial infarction risk factors. Apo A-I levels are also independently and inversely related to premature myocardial infarction in these data. The fact that apo A-I is significantly related to premature myocardial infarction (after adjusting for the effects of the endogenous hormones and other lipids and lipoproteins) and HDL is not suggests that the apolipoprotein composition of HDL is an important determinant in the development of cardiovascular disease. 26, 27 The basis for an association between DHEAS and coronary artery disease is unclear. It has been suggested that DHEAS may be indirectly related to coronary artery disease because of an inhibitory effect on the rate-limiting enzyme in the pentose cycle, ie, glucose-6-phosphate dehydrogenase.28 Because the pentose cycle produces NADPH, a coenzyme required in the synthesis of lipids, decreased DHEAS levels may promote NADPH production and, thus, NADPH-dependent lipogenesis. Based on the observation that dehydroepiandrosterone has an inhibitory effect on cell growth and proliferation, it has also been suggested that decreased DHEAS levels may promote proliferation of vascular intimal cells and the formation of atherosclerotic plaques. 29 The strongest evidence for an association between serum levels of DHEAS and cardiovascular disease in males comes from the prospective investigation reported by Barrett Additional evidence of an inverse association between serum DHEAS levels and cardiovascular disease in males is provided by the current report and the reports of Herrington et al15 and Slowinska-Srzednicka et al. 14 Herrington et al15 found a significant, inverse association between DHEAS and the extent of angiographically defined coronary atherosclerosis in males c50 years old. In addition, Slowinska-Srzednicka et al '4 reported significantly lower DHEAS levels in male survivors of premature myocardial infarction (<40 years), relative to healthy male controls.
Despite differences in study design and case definitions, the majority of recent studies are suggestive of an inverse relation between serum DHEAS levels and cardiovascular disease in males. Differences in the strength of the reported associations across studies are likely to reflect, at least in part, differences in case definition. Variations in serum DHEAS levels across populations may also account for some interstudy heterogeneity. For example, mean DHEAS levels among males of Japanese ancestry have been shown to be markedly lower than those among Caucasian males. 30 Therefore, mean differences in DHEAS levels of case and control males of Japanese ancestry may be less than those among Caucasians and, consequently, harder to detect. One potential explanation for the lack of a statistically significant association between DHEAS and nonfatal myocardial infarction is reported by LaCroix et al. 30 In summary, this study provides further evidence for an inverse association between serum DHEAS and myocardial infarction and confirms previous reports of an inverse association between apo A-I and myocardial infarction. Firm conclusions regarding the temporal or causal patterns of these associations are, however, precluded by the retrospective nature of this study. Consequently, the relatively low levels of DHEAS and apo A-I among the case males in this study may be directly attributable to myocardial infarction or may reflect a survivorship effect. Prospective investigations have, however, provided evidence that low DHEAS12 and apo A-I levels31 are precursors of cardiovascular disease. Thus, it seems likely that the associations detected in this study preceded the first myocardial infarction in the case males.
